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(© Embryogenic callus and cell suspension of inbred corn. 

© Embryogenic callus of corn inbred B73. embryogenic cell 
suspensions of ccrn inbred 873. clones of the emN-yogenie 
callus and cell suspensions of corn inbred B73. cum plants 
and the seed thereof regenerated from the embryogenic 
callus, embryogenic cell suspensions and clones of the 
embryogenic callus and embryogenic cell suspensions, and 
progeny of the regenerated corn plants including mutant and 
variant progeny are claimed. 
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PR-71 61/731 5 

EMBRYOGENIC CALLUS AND .CELL SUSPENSION OF INBRED CCKM 

Field of the Invention 
The invention relates to embryogenic callus of. corn inbred B73 - 
a major commercial inbred corn variety. The invention also relates to 
cell suspensions derived from onbryogenic callus of corn inbred B73. The 
cell suspensions may be characterized as uniform mixtures of embryogenic 

5 and other cells. Unexpectedly, the cell suspensions according to the 
invention give rise to embryos of corn inbred B73 under certain culture 
conditions described here inbe lew. The invention furthermore relates to 
viable seed-producing plants of corn inbred B73 regenerated from the 
embryogenic callus or embryogenic cell suspensions 'according to the inven- 

10 tion. Lastly, the invention concerns mutant and/or recombinant progeny of 
embryogenic callus or embryogenic cell suspension and corn plants regener- 
ated therefrom. Specific exnrples of the embryogenic callus of com 
inbred B73, from which embryogenic cell suspensions may be derived, have 
been deposited in the American Type Culture Collection under ATCC acces- 

15 sion number 40116 on April 1-5. 19S4. ■? 

Relevant Art 

2ea mays L.. or corn is a major worldwide cereal crop. Ln the 
continental United States alcne, an estimated 82 million acres of com is 
planted yearly. A survey of the U. S.ccrn germ plasm base conducted in 
1979 accounting for 1.3 billion pounds of seed com t determined that com 

20 inbred B73 was used in the production of approximately 178.5 million 

pounds of corn hybrid seed. This amount reflects approximately 14% of the 
total com seed required for the 1S80 planting of 82 million acres of com 
- in the United States. B73 was used to produce more hybrid com seed thar. 
any other com inbred line in the 1979 survey. As the major inbred corn 

25 line used in hybrid com seed production, B73 is a commercially important 
com inbred. Successful efforts to improve B73 are likely to have a major 
impact on the commercial com seed business. 

Current methods for improving inbred com lines are time con- 
signing, labor intensive, and risky. Thus, methods that reduce any of 
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• t-w- c^raal breeding arts, 
an advance in the cereax 

pnoW- -""."T^" an inbred o=m se*d «» * ^ . 
One .thod for ^uc^ *M- f ^ ich M y be icnizin, 

pUshed by exposi* inbr6d h If ^ the seed out, «* — ^ 
Liation or a as deceased height or path- 

corn plants for a ^"^"^ayir* the desired characterises 
Cen resistance. Seed fro, plants J* J ^ the screen 

Tre then replanted, £ oE the seed, a 

.Mined. After several years ana j - rf characteristic 

are retained. ois? layin3 the desirec 

sufficient seed s-ocx ..^j-. 
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Prior to the development of the embryogenic callus line of corn 

inbred B73 of the instant invention, ro friable embryogenic callus culture 

or embryogenic cell suspension culture of a commercially significant 

inbred com line has been described. With respect to embryogenic callus 

5 lines of noncommercial corn inbreds, C.E. Green has described a friable 
callus of corn inbred A188 capable of regenerating plants by somatic 
embryogenesis (see, Green, C.E., "Sora3tic Snbryogenesis and Plant Regener- 
ation Fran the Firable Calus of 2ea nays L." in Proc. 5th Int'l. Cong. 
Plant Tissues and Cells, Akio Fujiwara ed., Japanese Association of Plant 

10 Tissue Culture, pub. Tokyo, Japan, 1932). Embyrcgenic,. friable A183 
callus according to Green can be derived from spontaneous sectors of___ 
organogenic callus. Organogenic callus according to Green can be obtained 
as follows. Immature zygotic embryos from the seed of sibling pollinated 
AT 88 are removed fran the seed and placed in a Murashige and Skocg (MS, 

15 see Murashige and Skcog, Physiologia Plantarium , 15:426 (1962)) median, 
with 0.5 jng/1 2,4-0, 1 mM L-asparagine, and 0.7% bactoagar. The immature 
zygotic embryos are incubated at 28'C with 16 hours light per day. (See 
Springer, W.D. et al., 1979, "A Histological Examination of Tissue Culture 
Initiation From Immature Embryos of Maize", Protoplasma , 101, 269-281.) 

20 The scutellum of the primary tygotic embryo proliferates rapidly and forms 
an organogenic callus culture. The epithelium of the scutellum becomes' 
highly meristematic. Apical merisuems foa'i at the surface of the culture 
which is characterized by an extended cambial zone. Because no root pri- 
mordia are associated with the shoot primordia, the callus is considered 

25 organogenic. 

Green's embryogenic callus arises spontaneously as sectors grow- 
ing from the established organogenic callus or can be induced from primary 
cultures with proline. Proline, however, dees not appear to induce 
- embryogenic callus in B73. Green's embryogenic callus appears undifferen- 
30 tiated, highly friable, has little organization on visual inspection and 
is fast growing, requiring sub-culturing at least every two weeks. The 
embryogenic callus culture described by Green develops to the coleoptilar 
stage on MS or N6 medium with 2% sucrose and 0.5 to 1.0 mg/1 2,4-0. 
Normal development to the mature embryo stage is possible if Lhe embryos 
35 are transferred to N6 median with 6% sucrose and no 2,4-0. The mature 
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- „L». on MS or N6'" median containinc 2% 
be induced to geminate on rw 
enfcryos can tr.=n De a 
sucrose without homones. 

" • r,,itures of the enbcjogenic line 
Gr een also deserts "^^^ can te *aintain*a in 

, MS medio* coning 1 ^ . £ieJ HS medi „ contain, 2% 
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I0 these are transfer ^i^v regenerated from these 
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: cell lint of com inbred B73 is too* C«« 
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lin e in suspension culture *. e^U ^ ^ ^ 
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protoplasts. v*i=h in turn r^enc • ^ ^ to 

! 5 air.. S i 5 r,fic,-,ly. « 11 « - ^alities, a character- 

20 Generate plants and rorecver display P 1Jj-s . (Sae 
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^ ieve plant generation fr» estaol ^ ^ ^ 

25 'unsuccessful. (See ^c^Polonica, Vol. 
generation From Scutella Callus, 

(1982)). . 

• ~Us of inbred plants in vitro 
ae ability to culture ^ ^ w 

enaB les the plant brewer to apply * lufca in the oenetical 

, 0 —ific breeds problem in crop plants M 
Caches that have ^""^ifj^jn interrelationships, 
^tions in cell cultures, study.* ^ of ^enous 

ILsfer of cenetic infor.at.cn ^ ^ ,see 

neterologus (see Szoka ct al. , U S. 
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• • " ^ 5 9 O032A) DNA. Furthermore, sonatic 

cell culture enables tne pUnt ie ^teristics. 

wrWl variants having novel «c-M « 
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• ,^nn of a Feedback - 
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« Jut cn regeneration medium organises 
conization e» maintenance J ^ ^ ts „ for. 
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M used herein the ^ ^ absenc* of the event 
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Sicns ptuucyew— 

- ' culture of com' inbred B73 characteri- 
se Cryogenic callus cul-e ^ ^ m 

Ucally is a collection of ^dium such as ,S 

cl ^s or aggregates of with 0.25 to ,.. 
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^ 2% t wt/voH sucrose. On « «^ o£ * 

friable, i.... continuous epidermal layer « 

cel ls. Under the light ~ w Cryogenic calluses 

visible in th. l^enic callus is rap.d, as me 

30 vellow-brown in color. °^Xogenic callus crows a*ut 3 

Led in fresh ^ ^^s ^'ture from *ich it arose. A. 
tim es faster than the organccemc call 
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a consequence of its growth rate, the embryogenic callus needs to be 
transferred to new median every 1-2 weeks. 

The embryogenic callus is further characterized by the absence of 
differentiated plant structure such as small shoots or their primordia, 
5 roots or their primordia, and mer is terns. A characteristic of cell suspen- 
sions derived from the callus is the production of a mucilagenous poly- 
saccharide in media containing sucrose and 2,4-D. This polysaccharide has 
been identified as a glactcse-mannose polymer. 

The most notable characteristic of the embryogenic callus is its 
10 formation of embryo-like structures. The embryo-like structures- are com- 
pact and globular. By transferring the globular structures to a hormone- 
free medium such as MS or N6 medium/ some of these globular structures can 
be induced to form plants. The plants can be transferred to soil and 
fertile 373 corn plants are obtained. The progeny of these regenerated 
15 plants are substantially identical in form to seed-grown 373 plants. 
Thus, "the invention encompasses corn plants regenerated from an embryo- 
genic callus of corn inbred B73 and the progeny of the regenerated corn 
plants. 

The invention further comprises embryogenic cell suspension cul— 
20 tures of embryogenic callus culture of corn inbred B73. Unexpectedly, 
these cell cultures retain the ability to regenerate viable 373 corn 
plants. B73 cell suspensions capable of regenerating whole plants are 
initiated from friable B73 callus maintained on MS medium. The friable 
callus is transferred into a medium suitable for maintaining suspension 
25 culture, e.g. MS medium with 2 mg/1 2,4-D, and is placed on a gyrotary 
shaker at 130 rpm at 28 *C. Cell suspensions are induced to form globular 
embryos by plating on solidified MS -or N6 medium containing no hormones 
and 2-6% sucrose. Globular embryos are transferred to solidified MS or N6 
medium containing no hormones, 2% sucrose and optionally charcoal added to 
30 adsorb residual hormones, if any, and plantlets form on this medium. Thus 
the invention encompasses com plants regenerated frcm an embyrogenic cell 
suspension of com inbred 373 and the progeny of the regenerated com 
plants. 
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■ ^ 1 be tetter understood fca> the following exa^ 
^ invention -ill onl 8rd non - 

pies vhicn are intended by the inventor to be «-v- - 

limiting. 

EXAMPLE V 

TniliiM-n ^ ^nnaenic Culture # 

: . v t : na B73 were grown to maturity in a 

Pla nts frc* -J - ^s/aay, «* -in- 

5 greenhouse supplanted wi* .et^e 1 

•uined at 30'C during the day and 21 C at nigh , eters 
« sibling-pollinated. I^ture zygotic , . 

„ _ rr->n i«=«-ion) were asep-i^axj-j 

in iength (U-U days pos. oo initi ation *edi™ 

face sterilized kernels and placed ..at S! e ^ 0>s% „«, 

• J «C eal-e and VltaHinS, 130 J- <S»y" ^ 

10 which contained W sal j .and ^ ^ , 

0.5 W yi 2.4-0 and 12, sucrose. *U£t- in th. dar* at 

pH of 5.S prior to tissue proliferated fro. the 

c-leorhizal end of the scate. ^ ^ 

15 not part of the proliferate tissues £ ^ ^ 

^ ° £ ^ L-ous 'tit-rut-, occasion,! sheets 
reared by an .p^^ ^- ^ ^ M „ . 

^ starch .rains «re - ^ , meeiCT , *.i* 

reTO ,ed fron ^.-^^^ Eluded 0.5-1.0 */l 2,4-, and 2, 

20 VLZZZ Elites OSOC lurt « --C. Cultures .re 

" r ^ 'fresh n-diun every 10-20 days, 
transferred zo tresa nssu* 

■ tissue produced cn the. initiation median. be==e 

O. carpact tissue * ^intenance n-to-. »»- 

extre^ly heterogeneous -» «^ ^ ^ ^ ^ 

25 ^r^'^ -sues .re carefully ^ and discarded 

t-ic^ue at each transfer, 
from the compact organogenic tissue 

" ar of continuous selection against non-regenerating 
After one year of con.inuo ^ 

regions - ^^^^ S . »U 

30 pact, convoluted and covered by a ^ 

iayer rained continuous even^ * «- « P ^ ^ ci5Sue 

Meristenatic centers -ere ccrrrcn te.-ea 
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an ex-weW slow growth rate which could be 
STth-V-W o £ tissues nor*»lly select aga^.. 
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Initiation ~* «»i»rtion of °""r™" le CaXlus - 
TmMation ana Verted from the organogenic 

A M*U. '^T^J^ Z following -»*. «- 
S tissue after over one year » J^^c callus _ isolate was 
organogenic callus fran rfix<* the vitamins, 150 

„g/l asoaragme, «*A - ^ ^ oc5airagenic cal ius was 

10 transferred af-e- -> we -^ 

i ^ 5 we-ks or the medium, the enbryogenic callus 
After a total ot a wee.<s or. i^r-ae 
, ,u isodi^tric cells having dense cytoolasn and large 
appeared as small isodxam*- ^ a 

nuclei on microscopic «»m«tion. »»» ^ 

M , Hv TV, e sectors and inucilagenoLs 
mucilagenous natrix. - « ' nus with sterile tweezers or 

„ frcm the surrounding o*«£ « ^ - ^ ^ ^ 

gencus matrix were - -• - - ■ approximately 3 tiroes 

UCing 3,5-- ^ ^ ^inten^ce m^ with 3.5-0. 
m than «- ^ S uas w „ isolated to, an organogeny 

20 Although the emtryogenic c_uu including 3,5-D, =*ryo- 

rapidly organize and cannot he maintained. ■ ■ 

EXAMPLE 3 
Tr ° f Susper^iojl^ultures 

callus tissue frcm com -noreu 
30 potassium nitrate (KNO3), 
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ammonium nitrate (NH4NO3), 
potassium phosphate (KH2PO4), 
manganese su lfate-four hydrate (mS04«4H20), 
zinc sulfate -seven hydrate (2nS04-7H20) , 
5 cupric sulfate -five hydrate (CuS04«5 H2p)» 
cobalt chloride-six hydrate (CoCl2'6H20 
potassium iodide (KI), 
boric acid (H3BO3J, 

sodium molybdinum oxide-dihydrate <7te 2^004 »2H20), 
10 ferrous sulfate -seven hydrate (FeSC<4*7H20) , and 
sodium ethyl er.edianinotetrace tic acid (Na2EDTA). 

In general, as used in the invention, the exact concent-ration' of the salts 
can be varied within limits without departing from the invention. Jo_ 
standardize the making of the- media, however, the concentrations of the 
15 above listed minimal salts art as follows: 

MgS04-7H2O 370. milligrams/liter (mg/l) 

CaCl2-2H20 440 mg/l 

KNO3 1900 mg/l 

NH4.NO3 1650 mg/l 

20 KH2PO4 HO mg/l 

MnS0 4 -4H20 22.3 mg/l 

ZnS0 4 -7H20 8.6 mg/l 

•CCS0 4 -5H2O 0.025 mg/l 

CoCl 2 -6H20 0.025 mg/l 

0.83 mg/l 



Z3 IU 



H3BO3 6.2 mg/l 

Na2to0 4 -2H20 - 0.25 mg/l 

FeS04«7ri20 28.75 mg/l 

Na2EDTA 37.25 mg/l 

30 The medium further contains the following vitamins, hormones and 

carbohydrate sources: •• 

Thiamine -HC1 0.2 mg/l 

Pyrodoxin-HCl 0.2-i wn/\ 

Nicotinic acid 1-3 mg/l 

35 Calcium pantothenate 0.25 mg/l 

L-asparagine 132.0 mg/l 

2,4-D 2.0 mg/l 

sucrose 2% weight/volume 

PH 6.0 
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The friable embryccenic callus and mediun are placed in a 100 ml 
Belong flask and are incubated at 27 *C on a gyratory shaker at 130 rpm 
with indirect lighting from Agrolites for 16 hours a day for 7 days. Cul- 
tures were transferred every 7 days in a 2 to 5 culture to medium transfer 
5 into 50 ml of the same media in 250 ml Delong flasks. 

Embryos are generated fran the suspension cultures by removing a 
one ml aliquot from a 7 day old transfer and placing it on a solid plant 
growth medium such as MS medium or N6 medium containing no hormones or 
0.01 mg/1 2,4-0 and from 2 to 6% sucrose. The plates are maintained under 
10. the conditions described in Example 4 for approximately one week— Plants 

may be regenerated from the embryos by transferring the embryos to MS or 
- No media containing no hormones and 2 to 6% sucrose as described in 
Example. 6 below. 

EXAMPLE 4 
Formation of Embyros and Plantlets 
A 15 day old suspension culture having a volume of approximately 

15 25 ml was placed in a sterile centrifuge tube and the cells were spun down 
at 1000 rpm for '5 minutes. The supernatant was discarded and the cells 
were resuspended in 25 ml of hormone free N6 medium containing 6% sucrose. 
Cne ml of the resuspended cells was dispensed onto solid N6 medium con- 
taining 6% sucrose, no hormones, and 0.5% washed agar (K.C. Biologicals, 

20 Penex, Kansas). The plates were covered and maintained at 27 *C under 

Agrolites at 1000 to 3000 lux for 16 hours a day. After 23 days,, numerous 
globular structures grew on the hormcne-free N6 medium containing 6% 
sucrose. These globular structures were removed and transferred to 
hormone- free MS medium with 2% sucrose and 0.U .charcoal. After 6 days 

25 four plantlets approximately 1 to 2 centimeters (en) in length having 
shoots and roots were observed. 

EXAMPLE 5 

Regeneration of B73 Plantlets from Suspension Cultures 

A B73 suspension (maintained as a suspension for approximately 4 

months) was centrifuged at 1000 rpm for 5 minutes to pellet its cells. 

These cells were then weighed and diluted with hormone-free M.S. medium to 
30 a concentration of 100 ,rq suspended cells/ml hormone-free medium. Cne ml 



13 01 60390 

of medium (100 mg cells) was plated onto no hormone N6 medium with 2% suc- 
rose, O.H charcoal, pH = 5.8. 

These pi tes were incubated at 28 *C in the dark. After one 
month, globular structures forced which were then transferred to fresh 
5 medium and placed under Agrolites. After approximately 3 weeks, many of 
these structures had developed into plantlets. 

EXAMPLE 6 

Regeneration of B73 Plants from Embryogenic Callus Culture 
One hundred mg of friable B73 callus/petri plate was placed on 
N6 mediun with 4% sucrose and no hormones. These plates were incubaEed at 
28 'C in the dark. After 27 days numerous plantlets were removed and 
10 transferred to plastic tissue culture boxes (about 3 inches x 3 inches x 4 
inches) containing 50 ml of hormone free M.S. mediun with 2% sucrose. 
After approximately one month, six of these plants were transferred to 
pots in the greenhouse. All of these plants were grown to maturity. 

EXAMPLE 7 

Isozyme Comparison of Embryogenic 373 Callus Culture 
and Non-Embryccenic 373 tissue 

Bet'-een 0.5 and 5 grcrs of the com inbred B73 tissue indicated 

15 below were placed in an equal weight of homogeniz3tion buffer containing 

16.7% w/v sucrose, 8.3% w/v ascrbic acid at pH 7.4, and was homogenised 

using a Porter tissue homogeniier. The hcmcgenate was prepared for starch 

gel electrophoresis and the resulting gels were stained for esterase. 

(Figure 1), alcohol dehydrogenase (Figure 2) glutamate dehydrogenase 

20 (Figure 3) and ^-glucosidase (Figure 4) as described by Goodman et al. 

in Genetics , 96: 697-70. In Figures 1-4 below, the tissues were grown as 

-follows: 

Leaves - taken directly from 6 week old greenhouse maintained B73 plants. 
Coleoptile - taken from sheets six days after germination frcm seed. 
25 Shoots - taken from mature B73 seeds one day after soaking in distilled 
water. 

Scutellum - taken frcm mature B73 embryo one day after soaking in dis- 
tilled water. 
Zycotic Embryo - taken 19 days after pollination. 
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• -n*™ Rested - taken 12 days after pollination and then 
Trmature Zv cctic Ere rvo ReSv-iea >ew= 

1 transferred to the n^i» of acarple 3 for 7 days. 

i-D - friable aibcyogenic callus tissues of B73 that were 
^^tlSi on rLi^^U 3 without 2.« for „ days. 

5 e^enic^li " ^ ^ 6niC ° f 
tained on the median of Example 3. 

««:anoqenic tissue of B73 that were maintained cn the medium 
Organogenic - organogenic tissue vl 

of Exanole 3. 

ficures 1-4 representations of starch gels run foe the indi- 
,0 cated enzy««. B» ^ patterns shew the following results: - 

Bt ^, - Figure 1 - Cryogenic cultures gave the s OT e isozyme 
patterns as re'scced zygotic e*rovos and organogenic cultures gave the . 
sane isozyme pattern as mature leaves. 

Mcohol'dehydrcgenase - Figure 2 - organogenic culture and 

2,4-D did not. 

__ u — r> cultures on 

Glutarate dehydrogenase - Figure 3 - a^..-,c..-= 

median without 2,4-D gav« the „. pattern as zygotic « — 

20 genie calces « ^intenance ^diu* with 2, « did not. 

Adidas* - Figure 4 - exogenic and ^f C ^; 
g ave the L P-em as colecptiXes out , different pattern than zygote 

embryos. 

ae se results sufoort the characterization that regeneration 
» fron eugenic cultures proceeds b, .a ^ 

*e presence of isozy.es usually assorted wxth coleo « , * 
the tiding of exogenic develofrental events ,oay be deferent 
of of zygotic embryos. 
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EXAMPLE 8 

Characterization of ^saccharide Secretion Product 
Characterize ^ ^^enic B73 TlsS ues _ 

■ T~* _h,-va:enic cell suspension o£ com inbred 

Ten ml of a 7-day-old embryogenic - 

, 1 into a f-esh 50 ml aliquot of the medium of Example 3. 
B73 was transferred into a t** S ^ ^ ^ 

- cultures ware ^ »£ ^ ^ ^ rentti£ug a- 

Mter 7 days, cells and d^s ~ _ ^ aUuted 

ticn or * ^ rocm t^rature with stirring A 

with 3 voltes of eth*» ^ ^ M in 

M » fibrous precipi a« ■ ^ wen , ^ dri ed_precip- 

aosolute ethanol and dried acid for 6 ^ at Wc 

it ate * hydroly~a » 1 ^ 1JC ^ nuclear ■ 

and the component sugars w« -u J _ o4 . ar . 

^tic^ance ,1^) « • ^ *«0. 

' ^ ^saccharide - identified as a poller «^«^ 
t0?e ^ _se in about a 

composition different fran Dais root sl»t. "hio 

„ .. • f,.^=.-> ■>-<? calacturomc acid, and corn nuii-," , 
5 polymer abundant in fuoos. -ri g ^ ^ f> >fc 

contains xylose, arabinose and S a.atose in a 

■ m mi-r- - — ^ wn1aaPS Scre 

" . - . ^i--~*-\A o^Hshing Cor?.. Nev Yor*). 

EXAMPLE 9 
r» r^n Source Utilization 



27 *C. 



25 



fte toxicity of lactose in the presence of *icro* r*. J tested 
ci™ c-il-'-s of com inbred B73 by incorporating 
en «brycgemc suspension eoK-.-s oc eonttining 2% w/v 

galactose (0.1 to 6% w/v, into the «diu. of 
sucrose. Grow* ~s measure a, p«*- cell vol»e ,PC/)_ 
incubation on a shaker at "'C in the licht. 
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TABLE I 

Growth of Embryogenic Cells of Corn Inbred B73 on Various Carbon Sources 

(1% w/v) 

B73 Cell Growth 

S ole Carbon Source Relative to Carbohvdrate-Free Control 
■ —————— " 2 W eeks 

sucrose " H " f 
D-glucose +++ 
soluble starch " H_f 



n— / + a -cal actose 


+ 


—lactose 


0 


D— sorbitol 


+ 

N 


L— nrol ine 


0 




0 


L-(+)-arabinose 


0 


myo-inositol 


0 


-D-(+)-fucose 


0 


L-glycine 


0 


L-arginine 


0 


L-(-) -xylose 


0 


D-(+)-mannose 


0 


DL-malic acid 


0 


D-mannitol 


0 


L-(-) -sorbose 


0 


-L-rhamnose 


0 


L-glutamic acid 

* • 


0 



+ = Visibly detectable growth. 



Most of the carbon sources did not support growth of the cells 
and the best growth was obtained with sucrose and glucose. Soluble starch 
supported good growth of the cell line' after an initial lag period. The 
cell line showed limited growth on sorbitol but no growth on proline and 
5 lactose. The embryogenic corn cell line of B73 showed limited growth 
response to galactose. 
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The embryogenic callus of corn inbred B73 which grew on starch- 
containing plates appeared to lack the galactomannan secretion present in 
the plates containing sucrose or glucose. Suspension cultures of the same 
tissue growing on starch produced no detectable amounts of galactcmannan. 

SAMPLE 10 

5 Plants obtained in Example 6 were grown in the greenhouse and 

were either self-pollinated, backcrossed to the parent B73 line, or 
sibling-pollinated with sister regenerated plants (designated R^Si for 
self-pollinated, RiBC] for backcrossed and RjSibi for sibling pollinated). 
The corn progenies were produced frcm four regenerated plants. Two. o f the 
10 regenerated plants were self -pollinated using the rain stem ear and a 

tiller tassel. Because of asynchronous emergence of tassels and silks and 
frequent occurence of tassel-ears, the remaining regenerated corn plants 
could often not be self-pollinated, but instead were used as female 
parents in crosses to seed-grown 373. 

15 The seeds produced were grown out in the field between December, 

1*983 and March 1S84. Plants were evaluated in early February, which was 
approximately two weeks post-pollination for the corn. A total of ten 
rows of regenerant progeny were planted out ear- to- row. In addition, two 
seed-grown" plants used as male parents in crosses with the regenerants 

20 were also self -pollinated and used as check rows. Traits examined 

included: plant height, ear height, stem diameter, leaf number .and any 
evidence of single gene nutatior.5 affecting "plant appearance, "while some 
rows showed evidence of salt stress, no differences could be seen between 
the R1S1, RiBCi, and R^Sibi progeny and the seed-grown check rows. 

25 Fran the foregoing it will be apparent to those skilled in the 

art that embryogenic tissues and cell suspensions of com inbred B73 will 
enable plant breeders, practitioners of methods pf plant tissue and cell 
culture, and plant molecular biologists to carry out major improvements in 
this valuable and widely used com inbred. The embrycgenic cultures of 

30 'corn inbred B73 provided by the instant invention make it possible, for 
example, to subject these cultures to in vitro mutagenesis to induce vari- 
ation in corn plants regenerated therefrom. Methods for chemical ar.d 
physical mutagenesis as well as cell culture techniques for the recovery 
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are wU fc»« » those skilled in the-art (see for 
o£ desirable rcutants ar< ^ ^ ^ BeonallieBlly useful 

ex^le: KV>«. 3.. - - Hetha nesulcconate,- Genetic, 

U« in Kai* Seed by T-. «~ ^ ^ ^ o£ ^ 

VJSS ^^'-Z Z,im ^stance," Z&aLSS&SSS- 

5 stents Sublines for viema; „ eber ^ "An 

5 isolate of »«n« fr- Plan, Cell 
Efficient Plating Systen for P ^ J A _ et 

«- ,C """ ^^^tS^S^T^ Ele Cells in Vitro - An Assess- 
a .. -S^— * of Crop " ihus( ^ lnvention is considered 

,0 Z^.PUnzenzuchS- &• < s ^ ^ suspens ions.. and corn 

to enorrpass mutagemzed B.3 o£ the 

plants regenerated therefra* «rf the nu^. 
regenerated corn plants. 

-«.»-a*e ^.oie plants fecm the exogenic 

15 tissue and cell skilled ta the ar"c to carry out in 

«— 6 SI or against undesirable traits. <See 

^ SelSCt rJ Z ^ * ai., both ^ntioned hereinabove.) *.»., 
Hibbert et al. and *ncenb- ^ culture s of com irbred 

using the arbryogemc uiss* or of . 

. invention, it is r~- .— - 5 - „►>__ 

20 B» or u« ---r , erbic ides and patho- 

com. inbred B 3 to 9 ^ ^ selectWe 

toxin,, to select selective ^3. *»»; cor.sicered 

. tt regenerate ^ «^ invention ars Cryogenic tissues and 
^ the ^ * ^V..^ in the.com plants aniseed • 

25 cells of com inbred 9 - — ny o£ ^ grated corn 

thereof regenerated -ner-tr^n . ^ 

plants . 

, -*adilv apparent to those skilled in the art 

;t will also be readily app» 73 
. ,^ cell suspension culture of com -nnreo 

that e^bryogenic tissue *t cell ^clonal variants in com 

30 provides the opportunity tis s« culture and cell 

inbred B73 by regenerate pU*» f ; » £ ^ ^ inventiOT . 
suspension cultures of com inbred B73 P ^ ^ ^ ^ ac - 

Such stable ^^n^, Chr^-al Variation and ne^ency of 
as exemplified in Edallo e al , ^ ^ 

35 Spontaneous Mutation Associated wi.h i_ . 
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Regeneration Ln Maize," Maydica 26, pp. 39-35 (1981 ); 3eckert et al., 
"Etude de la Variabilite Genet ique Cbtenue Chez le Mais Apres Callogenese 
et Regeneration de Plants in vitro , Aqronar.ie 3, pp. 9-18 (1983); and 
Larkin et al., "Soi^clonal Variation - A Novel Source of Variability from 
5 Cell Cultures for Plant Improvement," Theor. Appl. Genet. 60 , pp. 197214 
(1981). A large body of literature in fact suggests that plants regen- 
erated from culture are characterized by an unexpectedly high rate of 
. stable propagatable phenotypic variation. See Rice, "Tissue Culture 
Inbred Genetic Variation in Regenerated Maize Inbred," 37th Ann. Corn & 

10 aorghum Research Conference (1983). Thus it is now possible to provide 
progeny- with genetic variations arising frcm scmaclonal variants regener- 
ated from corn inbred 373. Such characteristics ray be stably maintained 
in the second generation progeny of the regenerated plants and will 
generally exhibit either Mendel ian segregation (e.g., 3:1 ratio for single 

15 gene traits) or uniform expression since scmaclonal variation arises in 
diploid cells and may generate boroorygous variants. Thus, the invention 
is considered to encompass scmaclonal variants of the embrycgenic callus 
and cell suspension of com Lnhred 373, corn plants and the seed thereof 
regenerated therefrcm and the progeny of the regenerated corn plants. 
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CLAIMS: 



..^ryagenic callus and estrogenic cell suspensions of com 
inbred B73 and the clones thereof. 

2 corn plants and the seed thereof regenerated fro, e^ryo- 
.enicanus a* e^enic cell susp^sic^ of com inbred 373 and the 
5 clones thereof. 

• 3 . H.tage.ized ^rv^enic callus and denized cell ^spon- 
sions of com inbred B73 and clones thereof. 

" 4 com plants and the seed thereof regenerated fro. ^tagen- 
. ixed e^enic cellos and rcutagenized cell suspensions of com inbred 
10 B73 and the clones thereof. 

. s ^cgeny of com plants generated fro, Cryogenic callus 
^ ^enic'cell susp.nsi^ of com inbred B73 ar, =lor*s thereof, 
said progeny including ™tants and variant progeny. 

, _ -n.-= of com inbred B73 having the character- 

O. 3uui.r^2ii*>. > "... 

i callus of corn inbred B73 deposited in tne 

15 iStiCS ° f ^trr^ 1 under «« —ion «~ «ne, and 

Cryogenic callus or Cryogenic cell suspensions.^ 

7 com Plants and the seed thereof regenerated fro, the • 
• \-allus and enbryogenic cell suspensions and clones of said 

" oT'^enic cell suspensions of Cla. , 

8 Mutagenic erbrycgenic callus of com inbred B73 said 

- ' callus oE com irtored B73 having the characteristics of an 

"T^l IS- o com i^red B73 deposited In th. African Type 
^ryogen.c callus of rotagenized ^ 

2, Culture Collection under A1CC ones of ^ muta . 

suspensions derived from said enbryogenic callus ano 
TenTzea e^rycgeoic callus or scenic, cell suspensions. 
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9. Corn dants and the seed thereof regenerated from the muta- 
genized embryogenic callus and mutagenized cell suspensions and clones of 
said mutagenized erbryogenic callus and mutagenized embrvoge.nic cell sus- 
oensions of Claim 8. 

5 10. Progeny of corn plants regenerated from embryogenic callus 

having the characteristics of an enbryogenic callus of corn inbred B73 
deposited in the American Type Culture Collection under ATCC Accession 
Number 40116 or regenerated frcm cell' suspensions derived fran said 
entorvogenic callus having the characteristics of an enbryogenic callus of 

10 corn inbred B73 deposited in the American Type Culture Collection under 
ATCC Accession Number and clones thereof, said progeny including 

. mutants and variant progeny. 

11. An embryogenic callus of com inbred B73 as deposited in 
the American Type Culture Collection under ATCC. Accession Nirrber 40116, 

15 cell suspensions derived from said enbryogenic callus and clones thereof. 

12. Corn plants and seed thereof regenerated from the embryo- 

' genie callus of corn inbred B73 as deposited in the American Type Culture 
Collection under ATCC Accession Nurbor -10116 cell suspensions 

derived from said embyrogenic callus and clones thereof. 

20 13. Mutagenized erbryegenic callus of com inbred 373 as 

deposited in the A-nerican Type Culture Collection under ATCC Accession 
Number 40116, mutagenized cell suspensions derived frcm said ejnbryogenic 
callus and clones thereof. 

14. Corn plants and the seed thereof regenerated frcm tie nuta- 
25 denized callus, mutagenized cell suspensions and clones of said mutagen- 
ized enbryogenic callus and mutagenized enbryogenic cell suspensions of 

Q aim 13. 

15. Progeny of corn plants regenerated from the embryogenic 
callus corn inbred B73 as deposited in the American Type Culture 

30 Collection under ATCC Accession Number 40116, cell suspensions derived 
frcm said enbryogenic callus and clones thereof, said progeny including 
mutant and variant procency. 



FIG. I 

ESTERASE 



o 
uj 

o 

2 



? ? 



"• * t 

? 8 N " N 

2 jg o o o 

UJ 2 uj m Z 2 Z 

_] ^ UJ UJ UJ 

£ j o o o o o 

_jUWV)NMUJUJ O 



01 60390 



FIG. 3 

GLUTAMATE DEHYDROGENASE 
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